This paper presents some results obtained in RDN (Romanian Distribution Network) 
INTRODUCTION
A large number of power transformers (PT) in Romania, being currently operated, are approaching the end of their designed life cycle [1] . Consequently, a more precise knowledge of the insulation conditions is of utmost importance. There were developed electrical, mechanical and chemical methods of testing and diagnosing the conditions of power transformers insulation systems (PTIS) based on measuring the insulation resistance, power factor, partial discharges, capacity variation with frequency, analysis of oil dissolved gas, moisture content, paper polymerization degree, etc. [2] . To obtain a reasonable information on the insulation condition, more sophisticated methods are used, such as high performance liquid chromatography, X-ray diffraction, nuclear magnetic resonance, gel permeation chromatography, Fourier transform infrared spectroscopy, etc. [3] . In the recent years, many papers estimate the PTIS conditions by means of dielectric spectroscopy, respectively, in time domain (polarization/depolarisation currents measurement -PDC, return voltage measurement -RVM and dielectric frequency domain spectroscopy -FDS) [3] ... [6] . This paper presents information on 6 transformer conditions of 16-25 MVA, obtained by the use of a device made by SIMTECH International Ltd. based on the analysis -in time and frequency domains -of the method of absorption/resorption currents (ABSC). was applied to a capacitor (with surface of electrodes A, thickness of dielectric g, electrical conductivity σ and permittivity ε) the current density that appears j 1 (t) has four components ( Fig. 1 
ABSORPTION/RESORPTION CURRENTS
where j i (t) is the charging current density of the capacitor with vacuum dielectric, j p (t) -the polarization current density, j ss (t) -the space charge current density and j c (t) -the conduction current density [6] . The current i i (t) =Aj i (t) = ε 0 A∂E/∂t is due to charging of the vacuum dielectric capacitor (ε = ε 0 ) and decreases to zero very quickly. By consequence, for usual experimental measurement, the start of the curve i 1 (t) (Fig. 1) is not recorded. The component i p (t)=A j p (t) is given by the dielectric polarization phenomena that consists in very small motions of a large number of attached charges. When the applied voltage is reduced to zero, these charges return to their initial positions. The current i ss (t)= A j pp (t) corresponds to the movement of the existing space charge in the dielectric volume that can be generated by the technological process (molecules' fractures etc.), degradation process during the work service (thermal, electrical, mechanical and radiation etc.) and charge injection at the surface of the metallic small radius curvature and protuberances etc. Within a certain time depending of the dielectric properties, the currents i p (t) and i ss (t) become zero. 
where i d (t) is the discharge current of the vacuum dielectric capacitor, i dp (t) -depolarization current and i ss '(t) -the space charge current. For polar insulations and particularly those based on cellulose fibers that work in humid environments, i ss (t) << i p (t) and i p (t) ≅ i aps (t). Consequently, i c (t) << i p (t), and -for t > t 0 ( Fig. 1 ) -, it can be considered i 1 (t) = i p (t). In general, the space charge component j ss overlaps the conduction one j c , the dielectric having a conductivity σ(t) = σ t the difference of direct current conductivity σ. On the other hand, the absorption current i 1 (t) = i a (t) may be written as :
and the resorption current i 2 
where ) (t δ is the delta function arising from the suddenly applied step voltage at t = t 0. Considering that f(t) is continuously decreasing in time and the t a is long enough (so that f(t+t a ) ≈ 0), it results:
and the parameters of function f(t) may be determined from the values of the resorption current i r (t) [5] . Using the expressions of the instantaneous polarization and the Fourier transform in (5) it results: (8) shows the link between the time and frequency domains, between the complex permittivity components and f (t) respectively.
ABSC METHOD
ABSC method allows to make the estimation of the damage condition of a paper/oil insulation based on measurement, acquisition and analysis of the values and the variation way of the absorption/resorption (a/r) currents i a,r (t), by means of a dedicated software (ID-1000-SOFT) and of a PC. From the curves i a,r (t), the maximum values I a,max are determined at a given time interval (after U 0 application) and prior disconnecting the voltage I a (t a ), the values of currents slopes i a (t), of oil conductivity (σ o ) and of paper (σ p ), of the insulation resistance R iz , of the complex permittivity components ε r ' and ε r '' , of the loss factor tanδ, of the capacity at 1 mHz (C 1 ) and at 50 Hz (C 5 ), of the return voltage parameters RV (maximum value RV max and the duration of reaching it T c ) and of the conductivity coefficient k c :
and of the polarization index k p :
where i a,r (30,60,600) represent the values of the absorption/resorption currents at 30, 60 or 600 s [6] . Then, the water content in oil (w o ) and paper (w p ) is determined and its ageing condition is analyzed. Using of the ABSC method for analyzing of the transformer,insulation condition implies the following stages: 1. Achieving some electrical connections at the tested transformer (disconnecting the cords/bus bars, etc.) 2. Connecting the a/r currents measurement device;
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The measurement diagrams are decided by the user but the measurements between the primary -secondary, secondary -tertiary windings, etc., are recommended. 
, C 1 / C 5 , tanδ, RV max , T c , the ageing growing factor K (from Favre curves ), and the residual life cycle reserve L
EXPERIMENTS, RESULTS
The experiments were carried out for 6 transformers (Table 1) and some results are shown below. 
, C 1 / C 5 , tanδ, RV max , T c , K and the life cycle reserve L for each of the 6 transformers ( Table 2) .
Checking the ABSC method
Comparing the values of the insulation resistance and of the loss factor obtained by the use of the ABSC method and the measured ones (Table 2) , it results relatively small differences between the 6 transformers. Thus, the errors of the calculated values and the measured ones of the insulation resistance (∆Rizmc) and of the loss factor (∆tanδgmc) do not exceed 10 %. Concerning the water content in oil, it is stated that the differences between the values determined by ABSC method and the measured ones (∆w oilmc ) do not exceed 13 % (1 ppm, respectively).
Analysis of the PTIS conditions
Analyzing the values of the tested transformers insulation systems obtained by the use of the ABSC method and comparing them with the admissible values recommended by various norms, it results that the transformers can be keep in operation with corresponding maintenance (Table 2 ). The estimation of the water content in the paper has been made using the responses of the insulation systems in the frequency domain. It can be noticed that, except the transformer T6, in all the other cases, the values of the paper moisture exceed the maximum admissible value (2.5 %). Obviously, after the oil reclaiming, these values would decrease. Except T6, all the other transformers have a relatively important moisture content, both in the oil (more than 8 ppm) and in the paper (more than 1.7 %). As water facilitates the paper degradation process, it is recommended that the oil should be reclaimed (T6) or to reclaime the whole insulation system (T1...T5). On the other hand, the values of the moisture content in oil are very high as regards the transformers T3 (w o = 13 ppm) and T5 (w p = 19 ppm). At the same time, for these transformers, also the conductivity coefficient has very high values, close to the maximum values (corresponding to a highly aged insulation system). By consequence, it is necessary to reclaime the insulation system. Based on the analysis of the loss factor values it results that, generally, they are much lower than the dismissible ones and indicate that no deterioration or important oil contaminations were produced in the transformers. This condition is confirmed also by the values of oil conductivity, that are relatively low in the case of transformers T1, T4 and T6 (below 2.75 pS/m) and higher in the case of transformers T2, T3 and T5 (where σ o = 6.01 pS/m). The values of the paper conductivity exceed the admissible limit (σ pmax = 0.024 pS/m) at the first 5 transformers (just in the case of T6, σ p value is lower than the maximum one). This indicates that it is possible that the paper insulation to have undergone an important thermal damage. 
CONCLUSIONS
The absorption/resorption method (ABSC) is a nondestructive one and the measurement, data acquisition and processing the currents by means of ID -1000 are not difficult to be carried out (as the equipment has a low mass and is provided with a variable continuous voltage source of 2 kV [7] ), both on paper samples and/or oil (in labs), and on the power transformer paper/oil insulation (on site). Based on the analysis of the absorption/resorption currents variation, it is possible to obtain the values of the important parameters that permit to estimate the ageing condition of the insulation systems. The values given by the ABSC method are very close to the metered ones.
On the other hand, the software used also allows to estimate the residual life cycle of the insulation systems considering the relative speed of the insulation life elapse (as per IEC 60076 -7). The software created also allows the storage of the tests results and the derivate data and to compare with the new results. For this reason, the equipment ID-1000 is a very useful instrument also for monitoring the insulation systems conditions at the power transformers. This was checked at 19 transformers in Romania, with a power range of 16 -250 MVA and voltage range of 110 -400 kV.
